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1. INTRODUCTION 

T h i s  i s  tlie f i r s t  bimoi1thly p r o g r e s s  r e p o r t  on a pro:*ram t o  

i n v e s t i g a t e  s i l i c o n  s o l a r  ce l l s  f o r  u s e  i n  a ncar-s[ \n  n i s s i o n .  

o b j e c t i v e  oi tllc pro!:rim i s  t o  produce an optimun si1i:on s o l a r  c e l l  

and cove r  conbi imt  ion f o r  n s p a c e c r a f t  clesipecl t o  o p e r a t e  f o r  one 

y e a r  ir, a l i L ~ ! : l y  e l ? ; _ ~ t i ~ : a l  or '3it  aroi ?IC! tlie sui', i n  w l i i  - 1 1  t h e  

d i s t a n c e  of tlie s p a c e c r a f t  w i l l  v a r y  lrom 1 AU t o  0.2 AU. The 

program is  d i v i d e d  i n t o  f o u r  tas1:s. 

Tlie 

TASK I 

Consist .  o i  nn a n a l y s i s  for the purpo1.e of o p t i m i z i n g  tile s1:ort- 

c S r c u i t  c u r r e n t  a t  1 a i . r  riass ze ro  (A?lZ) i i ; tc i is i  t y ,  a r ~ l  t i l e  3pen- i . i rLu i t  

v o l t a g e  at 25 &E s o l a r  c o : - s t a n t s .  'l'lie n i i n l y s i s  as:lurnes t i i n t  ra . i i .a t ivc 

h e a t  tra1isLer aiid c o i l t r a l l c d  variable ari:vle of ir.cjdei-.t s c . i n r  f I \ ' > :  zr.2 

the  primar).  r;icans 0 5  t i ierTa1 c o r t r n l  ant1 ca:;si t lers a l l  oE tlie co i . t ro '  'ai  l e  

v a r i a b l e s  of  s i l i c o n  c e l l  marufac,ture and a r r a y  asscm1)ly and t h e i r  

e f f e c t s  upon cel.1 performarice. 

TASK I1 

C o n s i s t s  of p r e p a r a t i o n  of s p e c i f i c a t i o n s  f o r  n a t e r . a l s  and 

p r o c e s s i n g  procedures,  and a t e s t  p l a n  t h a t  will d e t i n e  tile i a b r i c a t i o n  

of p r o t o t y p e  s i l i c o n  s o l a r  c e l l s ,  m d  co-Jc'r : ! a i s  nssenblie:;  hav ing  

c l i a r a c t c r i s t i c s  based on c r i t e r i a  of t h e  p reced ing  a n a l y s i s .  

TASK I11 

C o n s i s t s  of t h e  f a b r i c a t i o n  of c e l l s  on a p i l o t - l i n e  b a s i s  t l i a t  

will meet t1;e c r i t e r i a  and s p e c i f i c a t i o n s  p r e v i o u s l y  d e J e l a p e d  ai 'd w i l l  

i n c l u d e  tlic f a b r i c a t i o n  of  c e l l s  l iaving i i l t e g r a l  ~ o v ~ r , ; l a s s e s .  These 

c o v e r g l a s s e s  w i l l  be made up o i  S i 0 2  and w i l l  be a p p l i e d  by  1-sing a 

p r a p r i e t o r y  p r o c e s s  developed b y  t1:e L ib rascope  D i v i s i o n  oi Genera l  

P r e c i s i o n ,  I n c . ,  a s u b c o n t r a ~ t o r  on tliis pro ram. 

"ASK I V  

C o n s i s t s  of t e s t i n g  the p r o t o t y p e  s o l a r  c e l l  asser.iL1ies and t h e  
e .Ja1uat ion or' tiie d e s i g n .  
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The work i s  b e i n g  c a r r i e d  o u t  as a j o i n t  e f f o r t  of t h e  S o l i d  S t a t e  

Labora to ry  and t1.e Power Syster is  D iv i s io i i  of X l e c t r o - O p t i c a l  Systems. 

Mr. Steplien Kaye i s  P r o j e c t  S u p c r v i s o r ;  P!r. C:. P.  R o l i k  i s  r e s p o i i s i b l e  

f o r  c e l l  a n a l y s i s  , d c s i g ~ ,  an6 f a b r i c a t i o n ;  ?lr. Sanford F r i e d l a n d e r  is  

r e s p o n s i b l e  lor m i s s i o n  ar;alys:s , c e l l  e v a l u a t i o n ,  and t e s t i n g .  

2 .  PRESENT STATUS OF TlIE PROGW4 

The program i s  proceetlin:: a c c o r d i n g  t o  scl iedule .  Tlie Task - I  

a n a l y s i s  of  t!ie n i s s i o n  ( n n % l  L oiiL;eqi:e;it c e l l  d e s i g n )  has  been conipleted,  

and a report :  h.is been prepnr.::d ar!d sulmi t t e d  t o  tlie t e c h n i c a l  mon i to r  

f o r  nppr.),;al. Pending r e c e i p t  of  t h i s  r i p p r o ? a l ,  p r c l i v i n n r y  i n f n r a a t i o n  

r cqu i r c t l  lor T a s k  I1 i s  b e i n g  assembled so  tliat upon r e c e i v i n g  pe rmis s ion  

t o  procecd,  t!iis t a sk  car, !:e cmi;!ctcd as  e s p e d i t l o c s l y  as pas:: ;'#IC?* 
No d i f < i c u l t i c : s  , e i t l i e r  o t  a t c c l i n i c a l  o r  s c h e d u l i n g  i i a t u r e ,  arc? 

p r e s e n t l y  Tc)re::een. 

3 .  SUTPIAKY OF 'TASK-I STIJDY 

Tlie b a s i c  r e q u i r e m e n t s  o r  tlie T a s k - I  s t u d y  have a!.r,:ad;J been 

d i s c u s s e d  i n  S e c t i o n  1 of t h i s  r e p o r t .  Tn t h i s  s e c t i o n ,  tlie r c q u i r e -  

n e n t s   rill lie o r i t l i n e d  i n  more d e t a i l ,  aiid a b r i e f  s u ~ m n r y  of t!ie 

c o n s l u s i o n s  r eached  w i l l  be given t o c e t h e r  wi.th a s h o r t  d i s c u s s i o x  of  

t h e  r e a s o n s  f o r  t h e s e  coi ic lusioi is .  

I t  i s  s p c c i L i e d  t l i a t  tlie ana l .ys i  s s h n u l d  c o n s i d e r  t h e  c o n t r o l l a ! i l e  

v a r i a b l e s  i n  c e l l  i w n u f a c t u r e  and  a r r a y  asscnlil:;--t!ie:;e 7~3r i a b l e s  t o  

i n c l u d e  c?opant i d e n t i t y  and coi iccntrdt ioi i ,  d i f l u s i o i i  1lrocess ,  j r m c t i o n  

d e p t h ,  c o n c e n t r a t i o n  g r a d i e n t  , c e l l  t l i icki iess  and r e s i s t i . J i t y ,  co::tact 

ma t e r  i a 1s ai1 .I t ! .e ne t liotl o E a pp 1 i ca t i o n ,  c e 1 1 i n  t er  2 o line c t i on , c 0:: t a c t 

geometry, cel l -surface f i n i s h  and a n t i r e f l e t  t i n g  c o a t i q '  ( i f  requj.rt?(!> , 
co..rer::lass and c o v c r y l a s s  attaL1i::ieiit , and r a d i a t i o n  c!ei,ra:latiou. 

P rev ious  work a t  EOS i n d i L a t e d  tlie importance of  min imiza t ion  of 

se r ies  r e s i s t a n c e  i o r  c e l l s  wliich were t o  l ie  o p e r a t e d  a t  h i g h  i n t e n s i t i e s .  

Bea r ing  i n  m i c d  tlie r c q u i r , m e n t s  f o r  o ~ ~ t i m i z a t i o n  of s l i o r t - c i r c u i t  

c u r r e n t  a t  1 A U ,  ari(' o? .~ i i - . . ' r .  : l i t  v o l t a s e  a t  . 2  AU, wliile minimizi.ng 

tile r a d i a t i o n  de:;radation, ai: a1,al::sI.s based on t h e  c c l l  hav ing  t h e  
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f o l l o w i n g  c h a r a c t e r  i s  t i c s  was developed:  

(1) Type: n on p ,  1 x 2 c m  

( 2 )  Zase R e s i s t i v i t y :  0.2 - 1.2 olim-cn, boron doped 

( 3 )  D i f f u s i o n :  pliospliorus j uric t i  on deptli  

( 4 )  Contac t  Geometry: 11 g r i d s ,  w i t h  c o n t a c t  s t r i p e  a l o n g  

0.G - 0.391 

2-cm s i d e  

T h e  s e l e c t i o n  of xi-on-p c e l l s  was based on t1iei.r s u p e r i o r  r a d i a t i o n  

r e s i s t a n c e .  Tl ie  low s c r i c s  r c s i s t a n c c  rcquireniei:t d i c t a t e s  tlie use of  

1 o ~  r e s i s t i v i t y  b a s e  m a t e r i a l ;  liarrever, t! ic use of material  a p p r e c i a b l y  

below 0.5 olim-cn r e s i s t i v i t y  would  no t  a f f e c t  tlic ser ies  r e s i s t a n c e  

( s e e  Ref. 1). 
material woulcl proba5ly result i n  a cler~rease of  t h e  c e l l  s h o r t - c i r c u i t  

c u r r e n t .  Tlie scri.cs r e s i s t a n c e  o f  c e l l s  made by a nuxbcr o i  t e c h n i q u e s  

was e s t i m a t e d  u s i n g  t h e  ca1cul .a t ions g i v e n  i n  Re:. 1. These c a l c u l a t e d  

and e x p e r i m e n t a l  v a l u e s ,  wiierc a v a i l a b l e ,  a r e  shown in tile f o l l o w i n g  

t a b  l e  : 

A f \ - r t l i e r  d e c r e a s e  i n  t l ic r e s i - s t i v i t y  of tlie b a s e  

TABLE 1 
CALCIJLA'rED A N I  EXPERIPIETITAL VALUES OF K, , FOR VARIOUS TYPES OF CELLS 

Base : la te r ia l  S h e e t  Resistance Keas. S e r i e s  
R e s i s t i v i t y  Difc'used Lnycr Type L o n t a c t  Calc. S 1 . r . e ~  RL:s i s  tanzc,  

ohm-cn - p cr ohm s q u a r e  ::o. of  C r i c l s  Rcsist.iiT.Lc Ref ,  1) 

10 

1 

1 

4 0 

20 

nicl:cl p l n t z d  0. ;2 J l l C l S  L.iJ-1.3 

n i c l r e l  p l a t e d  0.25 " 0.3 

s i i i t c r e d  0.12 " 0.12 

5 g r i d s  

11 g r i d s  

11 g r i d s  ( e s  t i-mn t c(1) 

0.1  20 s i n t e r e d  0.1 " .-e 

11 !:rids 
~ ~- - - ~ - ~ -  

U n f o r t u n a t e l y ,  no d a t a  i s  a v a i l a l - l e  i n  the l i t c r s tu re  on t!:e use of 

2-cm c e l l s  a t  h i g h  i 1 : t e n s i t i e s ;  t l . e r c i o r c  , we were unab le  t o  c o n s i d e r  

t h e s e  c e l l s  i n  ou r  a n a l y s i s .  R a d i a t i o n  d e s r a d a t i o n  d u r i n g  t h e  

m i s s i o n  17as t a b n  i n t o  a c c o m t  by u s i n g  tlie tol lowing e q u a t i o n :  
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whcre 

0,558 E = 22.6 ?i r 
D 

E q .  ( 2 )  

'i'hc I - U  cl iclractcris t i c s  0;' tiic c e l l s  wcrc ol; taineJ fr0r.1 tl:c staiitlard 

wli e r e I = t o t a l  crirrcnt 

I, = s a t u r a t  i oil crirrent 

v = volta:..c 

R+c = s e r i e s  r c s  ista::ce 

q = e lcc t ro i i i c  c1iar;;e 

A = f a c t o r  ctsec; t o  i i t  c:<pcririental  cur:e 
to tlieor c t i c a  1 c iir ve 
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1: = ~ B o l t z m a n n ' s  constant  

LJ,= slirlnt r e s i s t ance  

a = aLt ive  area coritriliutinl,: t o  LiLlit-geiiernted cu r ren t  

JL = light-geiieratecl c u r e r i t  d e n s i t y  

T = abso lu te  temperatme 

T h e  v a r i a t i o n  of l igli t- ; ;enerated ci;rrertt w i t h  temperature was 

ca l cu la t ed  usi1.g Jolin:;toi.'s data (Ref. G). Tlie s h o r t - c i r L u i t  currci i t  

clcrisity was given by : 

JI, - -  - i.7 ( 0 . 2 2 1 4 )  L [I -I- 8 . 6 6 5  x lO-'(T - 3 O O ) ]  E q .  ( 4 )  
. J  

trhere tlle f a c t o r  1. 7/'1. ti ac.co(u?ts  f o r  the cli t f e r ence  I~etwcen a c t i v e  

areas of an l l - : ; r i d  c e l l  ;liiJ a 5-gr:d cell used i n  .Jolinston's cxperir,ieiit, 

J ~ ,  i s  i n  rn~/ciii-,  L i s  i n  r.i~/cm', a n c ~  T i s  i n  

t h i s  equat ion wcrc ci!cckcJ a l p i n s t  I'erxati's i!ata ( K c f .  I ) .  

7 n K .  Sevcrn1. r o i n t s  fro:.? 

T1 Llie cxprc'ssiun for tlie v a r i a t i o n  o f  opeii- .  i r  u i t  vo1tn:;e as a 

€unct'Loii of tc::ipcraturc ai:J it1t.i;  s !.ty T J ~ S  der ived from the work a i  

E q .  (5) 

wliere V,, i s  ir. ni.1 l i v o l  t s ,  n n d  tlie 1o;:arithmic express ion  i s  tlle inc rcnse  

i n  V,, due t o  incrensed I.ig11t i n t e n s i t y .  Y l i i s  express ion  was a l s o  

clieckcd agair.st T lermn 's  d'ita, and coot1 r1f;rcc.icr.t vas o i l t a i i i ,A .  I n  

a d d i t i o n  t o  thcsc e::prcssim:;, tile ~ u l . l o ~ ~ i i i ~ ;  were a l s o  u ~ e d  i n  carryin:;  

ou t  tlie co.nplete mission ai ia lysis  : 
1 
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angle 0:  incic?cnce 

s o l a r  intensity i n  miJ/cmi 

JLs tnncc  from srrn i n  AL! 

s o l a r  arr.1:J tenpc:r?tc!rz i u  'I; 

pack ing  i r i c t :  011 

sol.ar c e l l  a b s o r p t i v i t y  

s o l a r  pariel a h s c r p t i v i t y  

avcrC2;c sol.ar cell e f f i c i e r ; c y  

s o l a r  cell e n i s s i v i  t y  

s a l a r  p a n e l  e m i s s i v i t y ,  iro1:t and back 

3 

S t e fa 11- i; o 1 t zma:r con:; t a n  t 

r a d i a t i o n  d e g r a d a t i o n  in pa::Jcr o u t p u t  

tst31 i n t c z r a t c d  p ro tox  Z I C J  i;: ; ) r . ~ t ~ i i s / c n  2 

L r i t i c a l  p rd ton  f l u  f o r  25 p f  r c c n t  ( I t  r a d n t i o n  < n  power 

r a d i a t i o n  d e z r a d a t i o n  t o  volts ,e 

r a d i a t i o n  d e g r a d a t i o n  t o  c u r r e i l t  
c u r r e n t  d e n s i t y  i n  mA/cr, 2 

s o l a r  c e l l  o p e n - c i r c u i t  vo l t aLe  i n  mL' 

l i&h t -gc r , c rn t ed  c u r r e n t  i n  mA 

r e v e r s e  s a t u r a t i o n  c u r r e n t  i n  mA 

e l e c t r o n i c  c h a r g e  
coils tan t 
Bo 1 t zmann ' s cons t a n  t 

s o l a r  cell c u r r e n t  as a f u n c t i o n  of v o l t a g e  in mA 

s o l a r  c e l l  ser ies  r e s i s t a n c e  i n  o!ims 
s p e c i f i c  power i n  w a t t s l r l e t c r  2 
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I n  c a l c u l a t i n g  tlie a r r a y  temper- i turcs  tliat worild r e s u l t ,  tiie 

Lollowing valiies f o r  tlic tlicrmcil p r o p e r t i e s  of tlie :,oLar c e I l / c o v e r g l a s s  

c o n b i n a t i o n  and  a r r a v  s u l ) s t r a t e s  W'CL-e as;ui.ied: 

A b s o r p t i v i t y  o i  tlie s o l a r  c e l l  0 .7  

E m i s s i v i t y  of tlie so l a r  c e l l  0.S4 

ASssrpt:vity of s ~ l a r  p-'.r.el s u b s t r a t e  0.35 

E m i s s i v i t y  ol: s o l a r  p:inel s i i l )s t ra tc : ,  ir:>,nt L back  0.9 

TIie packing I r a c t i o n  or  tiie r a t i a  of t o t a l  pane l  ari?a t o  t o t a l  c e l l  a r e a  

i s  assur. ieJ t o  be 0 .9 .  Tlie m i s s i o n  t I is tan;c/ t i :nc proZi.Ie obtaii;ed Lrm 

W P  A-:1,30 ('s!ES-.'b3) was used t 3  c a l c u l a t e  tlie p a n e l  oiitpcit as a f u n c t i o n  

O L  J i s t a i iCe  Zrm t!ie sun, wliicli also inci7rporatetl  r ac l in t lon  de[;rndatioii 

a s  a lu:ict,on of m i s s i o n  d : i r 3 t i ? n .  

'ilie cornp~:tei- p r a g r a n  173s sricl: as t o  or i tpi i t  tl1.c Y - I  c : l i a r ac t c r i s  t i c s  

of tiie c e l l s  as a l u r i c t i o n  of d i s t a n c e  I r o  1 t h e  s u n ,  angle  o f  incidei:ce, 

ser ics res istaiice,  and A iac: t o r  ; tliat: i s ,  tlie 1'ac.tcir wliicl: a p p e a r s  i n  

thc exponent: oi t h e  d i o d e  equ;it ion ;1i1ci i r J m  ~ ! l i c l i  t l ie .,iaxi!num power 

poi.i!t f o r  eacli o i  t i iese  c u r v e s  w a s  c!crii.ec!. Using t1.i s d a t a ,  n s e r i e s  

o f  Laur s e t s  ai cr:rvcs i i L L r d  p l % a t t e f l  ant1 . i r e  seen ir. F i g s .  1 - Lt s l i m i n g  

t h e  s p c c i i i c  pswcr p u t p u t  i n  waLts/r,ieter- a s  a fui1ct<o;1 o f  d i s t a n c e  

T r J m  tlic s u n ,  x r i t l i  cell ser :es  rc.s;:;tar,cc ariC A f a - t s r  ns p a r  

T l l i s  1)rI e2 d i s i u s s l o i :  of  tiic r ~ i s u 1 . t ~  a f  Task I iias ncrel:: ini1ic:ntcd 

t h e  r c s r l l t s  o b t a  i;?ed a d  tllc wtiiocl by which tliey were a.:liievctl. !.'ucli 

addj . t  i.o.?aL d e t a i l e d  j u s t i f i c a t i o n  vas i ! ? c l u d e d  i n  t 1 i C  T a s k - 1  r e p o r t  t l i a t  

v7as subni  t t e c l .  

4 .  PLArJlJED WORK FOR NIX'l' PZYOKTIP!G PERIOD 

During tlic nex t  r e p o r t i i i i r  p e r l o ' ,  i t  i s  ai l t ic ipcl tecl  that ci c e l l  

s p c c i f i L a t j o - 1 ,  L a b r i c a t ,  on sclie(1ule, f a1 ) r i ca t io r .  proc.etlL:re, and t e s t  

p l a n  f o r  tlie opticnu-1 c e l l  d e s i g n  I J i l l  be s u l m i t t e d  f o r  biASA-kyes f o r  

a p p r o v a l  aid t1:at tl:e p i l o t  rm of  p r o t o t y p e  c e l l s  w i l l  b e g i n .  A 

m i t t t r n  r e p o r t  a n d  o r a l  r rcsei : t  it ;on \ J i l l  lie gii.en a t  NASA-Aiies. 
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